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Maize (Zea mays L.) is an important food crop for almost everyone in Kenya. It accounts for more than 
40% of the daily caloric intake and has a per capita consumption of 98 kg/year, which translates to a national 
annual consumption of 3.32 million tonnes. However, because annual maize production in Kenya is only about 
2.7 million tones, far below the national consumption rate Kenya must import maize in most years. A large 
proportion of the maize grown in Kenya comes from small-scale production by about 3.5 million farmers. 
The development of new technologies and farming methods during the 1960s and 1970s (often dubbed 
Kenya's "green revolution") saw large improvements in crop production, but this growth has not been 
sustained. What caused this decline? Here, I attempted to determine the challenges affecting maize production 
in Kenya by analyzing the effects that the failure of small-scale farmers to adopt integrated technologies has had 
on productivity. The Nakuru District was selected as the study area because of its accessibility and ecological 
and cultural diversity. 
A survey of a sample of 867 farmers was conducted during the 2007 maize harvesting season. The farmers 
were interviewed by using a structured questionnaire and their comments recorded. The results indicated that 
selective adoption of technologies did not result in marginal increases in productivity, as exemplified by farmers 
who used hybrid maize seeds but no fertilizer. Farmers who used hybrid seeds but planted late did not gain 
marginal increases in productivity over farmers who planted early but used inferior seed. Delays in land 
preparation and planting were due mainly to over-reliance on family labor, especially children, who attended 
school and hence could work on the farm only in the evenings and at weekends. Machinery hire for land 
preparation was expensive because of equipment scarcity, high fuel costs, and the small, scattered, and 
irregularly shaped nature of the land being worked. The per-kilogram costs of both fertilizer and hybrid maize 
seeds were more than 10 times the value of maize grains sold by farmers to the local market; hence, these items 
were not affordable by many farmers. The high cost of inputs and the lack of adequate information on 
production technologies were therefore hindrances to maize productivity. 
Integration of locally available maize production technologies and resources was identified as one of the 
options in addressing food insecurity because it would be likely to reduce farmers' over-reliance on external 
inputs such as fertilizers and seed. Integrated use of available natural resources would also increase the 
sustainability of maize production. Productivity therefore needs to be analyzed in terms of specific local en-
vironments and farmer potential instead of research-station-based results. 
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Introduction 
Although global food production has reached a 
stage where sufficient food can be produced to meet 
the needs of every person on earth, per capita food 
production and availability have remained low in 
Africa (Ndiritu and Cyrus, 2000). Nyoro et al. 
(2004) observed that the status of the agricultural 
sector in Kenya mirrored that of the economy, 
which is unstable and in decline. This relationship 
between agricultural and economic performance 
implies that agriculture must grow at a higher rate 
for it to spur economic growth and ensure food 
security in the country. 
Maize (Zea mays L.) is used for human con-
sumption in diverse forms, from specialized foods 
in developed countries to staple foods in undevel-
oped countries (Malvar et aI., 2008). It is the 
world's most widely grown cereal and is cultivated 
across a range of latitudes, altitudes, moisture 
regimes, slopes, and soil types by the simplest to the 
most mechanized production technologies (Smale 
and Jayne, 2003). Maize was introduced to Africa 
in the 16th century by Portuguese traders on the 
coasts of Eastern and Western Africa, and its use 
slowly moved inland through the incursion of slave 
traders, who valued maize as a storable and easily 
processed grain (Smale et aI., 2006). Linguistic 
evidence suggests that the crop penetrated the inte-
rior of tropical Africa from the coastal lowland 
tropics as part of the Portuguese trade with East 
Africa. On the East African coast, maize was given 
many names, including the Swahili name muhindi 
(the plant of India), and pemba, the name of the 
island in the Indian Ocean on which 16th century 
Portuguese planters cultivated food plants (includ-
ing maize) to supply their garrison. Although 
maize was probably known throughout Kenya by 
the 1880s, up until World War I, it seems to have 
been important as a staple food only along the 
coastal lowlands in the southeastern corner of the 
country (Smale et aI., 2006). 
The transition of maize to a major crop occurred 
in Kenya during World War I, when the colonial 
government encouraged farmers to plant maize for 
the war effort. At the same time, a serious disease 
epidemic in the traditional food crop, millet, led to 
famine, and stocks of millet seed were consumed 
rather than saved for planting (Smale et aI., 2006). 
By providing farnlers with seed of late-maturing 
maize varieties, the colonial government ac-
celerated the transition from a millet to a maize-
based food economy. After the war, the develop-
ment of export markets encouraged maize produc-
tion, and by the 1930s, maize was established as the 
dominant food crop in much of Kenya (Gerhart, 
1975). Therefore, the emergence of hybrid maize 
resulted in a sharp rise in nlaize cultivation, displac-
ing traditional indigenous crops (McCann, 2005). 
The change in food consumption habits led farmers 
to neglect the cultivation and preservation of tradi-
tional indigenous crops, which the farmers began to 
associate with poverty and social backwardness. 
Over 85 % of the rural population of Kenya 
derives its livelihood from agriculture. Most of 
these people are engaged in Inaize production, and 
small-scale farmers produce more than 70% of the 
country's maize (Jayne et at., 2001). Commercial 
fanners contribute a substantial portion of the pro-
cessing maize, which is sold mainly to animal feed 
processors (Ouma et al., 2002). Maize accounts 
for more than 40 % of the daily caloric intake in 
Kenya and has a per capita consumption of 98 kgl 
year, which translates to a national annual con-
sumption of 3.32 million tonnes. Annual maize 
production in Kenya, however, is only about 2.7 
million tones evidently lower than the domestic 
consumption requirement (KARl, 1999) (Fig. 1). 
There was tremendous growth in maize produc-
tion between 1964 and 1997; this period of growth 
was fueled by the introduction of hybrid maize and 
related technologies and is often dubbed Kenya's 
"green revolution" (Karanja et aI., 1998). Howev-
er, there has been a marked decline in yield per 
hectare since 1997. Maize yields have declined 
from an average of 1.85 tlha in 1985-1989 to 1.57 
tlha (Jayne et al., 2001). The deficit has been 
covered through maize importation, and the per-
centage of maize that is imported has been greatly 
underestimated because of massive, unreported, 
cross-border maize trading from Uganda and Tan-
zania. The overall global demand for maize has 
increased with the increase in livestock product 
consumption and bio-ethanol production, and this 
has made imported maize too costly for the poor. 
Drastic reductions in total maize output and per 
hectare yield decreases in large parts of Kenya's 
agricultural areas are now anticipated because of 
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drought (EARS WebRelief, 2008). The problem of 
hunger in Kenya therefore remains widespread, 
and shortages of maize are likely to result in famine 
among poor urban and rural households. 
Smale and Jayne (2003) identified four major 
factors that contributed to the lower rates of 
growth in total maize production and per-hectare 
yields during the 1990s: weather instability, con-
traction of state subsidies and market support, 
declining investment in public agricultural research 
(combined with uneven progress in liberalization of 
the maize seed industry), and crisis-motivated 
maize policies. Karanja et a!. (1998) suggested that 
differences in maize productivity in different zones 
could be attributed to differences in soils, rainfall, 
access to agricultural extension services, and adop-
tion of technologies such as use of hybrid maize 
seed and fertilizers. Without continued infusions of 
improved seed, maize yields are likely to decline 
over time because of pest infestation and declining 
soil fertility, both of which make it even more 
difficult to meet food consumption requirements 
as the popUlation grows (Gilbert et ai., 1993). 
Growth in seed sales in Kenya decreased consider-
ably in the 1980s and has recently declined further 
(Karanja, 1996), apparently provoked by in-
efficiencies in seed supply and quality problems. 
There is also limited scope for expanding the area 
of cultivated land under maize production because 
areas of unused land are diminishing, of marginal 
quality, or simply unsuitable for maize production 
(Kenya Soil Survey, 1987; Muchena et a!., 1988); 
therefore, any future increase in maize production 
will depend heavily on yield improvement (Karanja 
and Oketch, 1992). 
To address the decline in maize productivity, 
Qureshi (1990) suggested that it is necessary to 
carry out appropriate research and identify the 
short-term needs of the crop and long-term needs of 
the soil. To determine these needs, frequent soil 
analysis is necessary. Once the needs are identified, 
it will be possible to use fertilizers in a balanced 
way (or in better ratios) to achieve the highest 
returns from these expensive inputs. Another ben-
eficial strategy is the use of a combination of 
fertilizing techniques, including the use of "green" 
manure fallow in addition to the use of stable 
manure or compost and modest quantities of chem-
ical fertilizers (Smaling et a!., 1992). Further 
decline in soil fertility in intensive maize systems 
has been aggravated by a decline in fertilizer use 
and the abandonment of traditional methods of soil 
regeneration as populations rise (Lynam and 
Hassan, 1998). 
Crop rotations based on the inclusion of poly-
annual legumes can also be included in manage-
ment practices to maintain soil fertility (Caporali 
and Onnis, 1992). Good weed management in-
volves not only timely weeding of individual fields 
and crops during the critical stages of crop growth, 
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but also keeping the whole field clean and ensuring 
that minimal amounts of weed seed are allowed to 
come to maturity. Aggarwal et al. (1992) indicated 
that smallholder farmers in Kenya have to rely on 
improved hand tools and occasionally animal-
drawn implements because other alternatives such 
as herbicides and heavy machinery are too expen-
sive. Crop rotation can also be practiced to control 
pests and diseases (Brust and King, 1994). 
Wokabi (1997) also suggested other interven-
tions that can enhance productivity, including: in-
tensification of research to determine the appropri-
ate types and quantities of fertilizers, manures, and 
agricultural lime for the different soils and climatic 
conditions of the country; boosting of agricultural 
extension services to promote efficient weeding 
practices, particularly by family labor; increasing 
agricultural credit facilities to enable farmers to 
purchase the necessary inputs; and implementing 
maize price policies that encourage farmers to in-
crease maize production on a sustainable basis. 
Unfortunately most of these technologies are ex-
pensive and hence unavailable to most small-scale 
farmers in Kenya. This is particularly true for 
chemical fertilizers, hybrid seed, and machinery. 
Farmers are therefore selecting some of the tech-
nologies that they imagine are affordable, but these 
technologies do not necessarily have positive effects 
on production. It is clear that adoption of maize 
production technologies is important for enhanced 
productivity. However, there have been limited 
studies of the effects of challenges facing maize 
producers and the effects of these low rates of 
adoption of maize-production technologies on pro-
ductivity. The purpose of this study was therefore 
to use a structural analysis of small-scale maize 
producers in the Nakuru District to analyze the 
effects of low rates of adoption of maize production 
technologies on maize productivity in Kenya. I 
aimed to assess the effects of lack of adoption of 
these production technologies on productivity, as 
well as the ways in which these effects related to 
each other. I also aimed to make recommendations 
on how these effects could be mitigated for 
sustained maize productivity. 
Materials and Methods 
Study Area 
From over 70 districts III the country, the 
Nakuru District was selected as the study area 
because of its accessibility and its ecological and 
cultural diversity. It is located between long. 25° 27 
and 36° 31 IE and lat. 0° 13 IN and 1 ° la'S and is 
situated within the Great Rift Valley. It has 296, 
451 farm families, with an average land size of 1.0 
to 2.0 ha. It is located towards the central and 
western parts of the base of the Rift Valley, sharing 
the valley bottom in the Bahati and Njoro areas and 
the escarpments in the Elburgon and Molo areas) 
(Nakuru District Annual Report, 2006). Most of 
the farmers either bought their land or were given it 
under settlement schemes, and there are over 28 
tribes settled in the area. Rainfall and temperatures 
vary, depending on the location in the Rift Valley. 
The valley bottom receives an average of 500 to 
1,000 mm annually, distributed in two seasons 
(February to June and August to December), with 
frequent droughts; and a day and night tempera-
ture range of between 20 and 38°C respectively. 
The escarpments receive 1,200 to 1,500 mm annual-
ly, with similar distributions, and have a tempera-
ture range of 5 to 26°C. Besides maize production, 
this region is characterized by the production of a 
wide range of crops, including beans (normally 
intercropped with maize), sunflower, finger millet, 
sweet and Irish potatoes, and a wide range of 
horticultural crops, major among them being 
tomatoes, cabbage, and kales. Livestock are also 
kept (N akuru District Annual Report, 2006). 
Data Collection 
A research survey design was used, and a ques-
tionnaire was developed and pre-testing done by 
using 10 extension officers as respondents. Agricul-
tural extension officers in the study area helped 
administer the questionnaires, and the exercise was 
carried out in less than 3 weeks, and the survey was 
conducted during the maize harvesting season of 
November, 2007. Four divisions: Molo, Elburgon, 
Njoro, and Bahati were chosen. Molo and 
Elburgon represented the sub-humid zones of the 
country, whereas Njoro and Bahati represented the 
semi-humid zones. Then, two administrative loca-
tions were chosen from each division by random 
sampling. Third, three administrative sub-locations 
were chosen from each location by random sam-
pling. The size of the chosen sub-locations deter-
mined the number of villages for selection: two 
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villages were randomly selected in Molo, three in 
Bahati, four in Elburgon, and four in Njoro. 867 
small-scale farmers were randomly selected from 
these villages, and 217 of these farmers were from 
Bahati, 137 from Molo, 241 from Elburgon, and 
272 from Njoro. 
Data Analysis 
Table 1 summarizes the questions asked and the 
answers given by farmers. The parameters were 
questions about the adoption of each specific tech-
nology by each farmer; set categories guided the 
responses, and the number of farmers giving each 
category of response in each division was sum-
marized. Responses were ranked on the basis of the 
appropriateness of each of the adopted technologies 
and points awarded. Points were awarded on the 
basis of how closely and appropriately the adopted 
technologies were related to the recommendations 
given by the research and extension experts from 
results obtained after various on-farm trials. The 
most appropriate and correctly adopted technology 
was awarded the highest point score, and the least 
(including missing data; see below) was awarded 
the lowest, using a 0 to 4 point scale. Productivity 
was also categorized into three levels: farmers with 
yields of less than 1 t/ha, 1 to 2 t/ha, and more than 
2 t/ha. The data were analyzed by using JMP 
Version 7 software and the various relationships 
between technologies and productivity established. 
The relationships between the technologies were 
also established, and the results were subjected to 
Pearson's chi-squared test value of P< 0.01 to de-
termine whether there were significant differences. 
Results and Discussion 
During the interviews, some farmers were not 
sure about certain quantitative measures, i.e., farm 
size, productivity, and amounts of fertilizer applied 
per planting hill. Such uncertainties were therefore 
treated as missing data (Table 2); each uncertainty 
was ranked with a point value of 1, as compared 
with correct quantitative responses, which were 
given values ranging from 2 to 4. The purpose of 
awarding low point values to missing information 
was to reduce errors during the analysis. Respond-
ents who were unsure of information gave the 
following reasons for their uncertainty: they were 
farm employees and could not access official docu-
ments on land sizes; they were illiterate and could 
not interpret the meaning of this information or 
avail themselves of official documents; or the hu-
man consumption of green maize before harvesting 
made estimations of productivity difficult. 
The influence of environmental factors on maize 
productivity per farm was assumed to be uniform 
within the study area. Therefore, the amounts and 
distribution of rainfall were considered to be the 
same for all farms in each Division. Hence differ-
ences in productivity levels between farms were 
considered to be due to differences in agronomic 
practices and technology adoption by the farmers. 
Farm Size and Cropping System 
Farm sizes in the study area varied from 1 ha to 
more than 5 ha. Farm size distributions were 
significantly different from the distributions of pro-
ductivity levels, i.e., the large farms produced more 
but there were fewer of them (Pearson's chi-
squared test; P< 0.0001; Table 3), e.g. yields of 
more than 2 t/ha were realized by farmers with 
farms of more than 2 ha, and farmers with small 
farms (1 to 2 ha) had low maize yields of up to 2 tl 
ha. Because farmland was also used for other 
purposes, such as construction of homesteads, the 
maize crop often occupied only a small portion of 
the farm. Moreover, farmers were culturally re-
quired to subdivide their land into smaller portions 
for their sons; therefore, over time the bigger farms 
in the target areas become smaller, and the maize 
crops correspondingly decrease. Farmers with 
small farms happened to be mainly resource-poor 
and more likely to lack off-farm income than 
farmers with big farms, who worked in urban areas 
but employed farm workers to perform day-to-day 
farm activities. 
Farmers in all the Divisions were either practic-
ing mixed cropping with maize or maize mono-
cropping. The distribution of the farmers' choice 
of cropping system was significantly different from 
that of farm size (P<O.OOOI; Table 4). About 
64% of farmers practiced maize mixed cropping, 
mainly with legumes. The main reason given for 
mixed cropping was to have an early maturing 
crop, such as beans, that could be used for food by 
the family before maturation of the maize about 7 
to 9 months later. The other reason given for 
mixed cropping was soil fertilization. About 84% 
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Table 1. Questions and the distributions of their answers in different areas, together with the points 
allocated to each answer and used to make the accum ulated points chart (Fig. 4) 
No. Questionnaire Answer Points l Bahati Molo Elburgon Njoro Total parameter Div. Div. Div. Div. 
Farm size (ha) 1-2 2 123 68 123 169 483 
>2-4 3 26 19 27 28 100 
5< 4 20 10 20 14 64 
Not sure 1 48 40 71 61 220 
2 Maize productivity <1 2 84 70 106 113 373 
(t/ha) 1-2 3 78 42 89 97 306 
2< 4 5 3 3 6 17 
Not sure 50 22 43 56 171 
3 Land preparation More than 2 weeks before 4 1 1 3 6 
time (in relation to 1-2 weeks before 3 41 30 64 66 201 
onset of rainy season) 1-2 weeks after 2 106 66 115 124 411 
More than 2 weeks after 1 69 40 61 81 251 
4 Source of maize seed Local market 3 72 41 81 83 277 
Other sources 1 12 10 18 12 52 
Farmers' own seed 2 58 36 48 75 217 
Registered traders 4 75 50 94 102 321 
5 Maize cropping Mixed cropping 2 137 98 163 188 586 
system Monocropping 80 39 78 84 281 
6 Planting time Up tol week before 4 8 82 16 15 121 
(in relation to the During 3 110 0 126 131 367 
rains) Up tol week after 2 53 35 58 87 233 
More than 2 weeks after 1 46 20 41 39 146 
7 Crop spacing Incorrect 2 82 53 72 100 307 
Random 1 81 40 81 92 294 
Correct 3 54 44 88 80 266 
8 Fertilizer application Yes 2 89 63 109 115 376 
No 128 74 132 157 491 
9 Fertilizer amount per Less than 5 g 2 70 43 81 84 278 
hill/hole 5-10 g 3 37 32 44 55 168 
More than 109 4 25 12 30 33 100 
Not sure 1 85 50 86 100 321 
10 Manure application Yes 2 149 4 110 61 324 
No 1 68 133 131 211 543 
11 Weed control Once 3 103 58 111 111 383 
Twice 4 21 1 42 52 116 
Late (once) 2 68 49 70 89 276 
None 25 29 18 20 92 
12 Number of on-farm None 217 0 54 0 271 
training sessions 1-2 2 0 137 187 56 380 
2-4 3 0 0 0 166 166 
5 or more 4 0 0 0 50 50 
Note: 1 Rankings given to the different levels of each technology adopted by each farmer in different areas. 
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Table 2. Numbers of missing data on farm size, productivity, and amounts of 
fertilizer used 
Farm size Productivity Amount of fertilizer/hill Total no. of farmers 
0 0 0 317 
a 0 1 175 
0 0 88 
0 1 1 67 
0 0 133 
0 1 71 
a 8 
8 
220 171 321 867 
Note: A pattern of 000 across a row indicates that all farmers in the total given 
in the right-most column were sure of all measurements. 
Conversely, a pattern of 111 indicates that all farmers in the total given in the 
right-most column were unsure of all measurements. 
Table 3. Numbers of farmers, categorized by the combination of productivity and farm size 
Farm size 
Productivity 
1-2 ha >2-4 ha >4-5>ha Total 
212 (63) 20 (21) 17 (27) 249 (51) 
Less than 1 t/ha (85) (8) (7) (100) 
119 (36) 72 (75) 37 (60) 228 (46) 
1-2 t/ha (52) (32) (16) (IOO) 
3 (1) 4 (4) 8 (13) 15 (3) 
More than 2 t/ha (20) (27) (53) (IOO) 
334 (100) 96 (100) 62 (100) 492 (100) 
Total (68) (20) (I2) (IOO) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in 
all categories in that row or column. 
Table 4. Numbers of farmers, categorized by combination of cropping system and farm size 
Farm size 
Cropping system 
1-2 ha >2-4 ha >4-5> ha Total 
364 (75) 44 (44) 28 (44) 436 (67) Mixed cropping (84) (10) (6) (100) 
119 (25) 56 (56) 36 (56) 211 (33) Monocropping (56) (27) (17) (loa) 
483 (100) 100 (lOa) 64 (100) 647 (lOa) Total (75) (I5) (10) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in 
all categories in that ro\v or column. 
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Table 5. Numbers of farmers, ca tegorized by the combination of productivity and time liness of land 
prepara tion in rela tion to onset of t he rainy season 
Land prepara tion Productivity 
time Less than 1 t/ ha 1- 2 t/ ha More than 2 t/ ha Total 
More t han 2 weeks 0 (0) 2 (1) 4 (23) 6 (1) 
before onset (0) (33) (67) (100) 
1- 2 wee ks before 39 (13) 148 (48) 12 (71) 199 (29) 
onset (20) (74) (6) (1 00) 
1-2 weeks after 169 (43) 125 (41) 1 (6) 295 (42) 
onset (57) (43) (0) (1 00) 
More t han 2 weeks 165 (44) 31 (1 0) 0 (0) 196 (28) 
after onset (84) (16) (0) (1 00) 
373 (1 00) 306 (1 00) 17 (100) 696 (1 00) 
Total (54) (44) (2) (1 00) 
Note: Fig ures in parentheses are numbers in each category as a percentage of the total num ber in all 
categories in that row or column. 
of farmers practicing mixed cropping managed 
farms of 1 to 2 ha; this suggested that small-farm 
owners undertook mixed cropping for enhanced 
food security. However, about 56% of farmers 
using maize monocropping owned farms of 1 to 2 
ha. About 6% of farmers practicing mixed cropp-
ing managed land of 5 ha or more. 
Land Preparation 
Early land preparation was essential for weed 
control and soil aeration. Temperatures were nor-
mally very high, with low relative humidity, be-
tween December and February, before the main 
rainy season in March. The distribution of produc-
tivity was significantly different from that of timeli-
ness in land preparation in relation to the onset of 
the rainy season (Table 5) (P < O.OOO l ) . Land 
prepared early had higher yields than land prepared 
during and after the rainy season began. 1 % of 
farmers prepared land more than 2 weeks before 
the onset of the rainy season, and 28 % prepared 
land 1 to 2 weeks before the onset. About 42% of 
farmers prepared land 1 to 2 weeks after the rainy 
season began, and about 28 % prepared land more 
than 2 weeks after onset. 
Within the category of farmers who had maize 
yields of less than 1 t/ha, about 43 % had prepared 
their land 1 to 2 weeks after the onset of the rains, 
about 44 % more than 2 weeks after onset, about 
11 % 1 to 2 weeks before onset, and none more than 
Fig. 2. School children in Molo Division pre· 
pares land with hoes after school. 
2 weeks before onset. Among farmers with yields 
of more than 2 t/ha, about 6% had prepared their 
land 1 to 2 weeks after the rainy season onset; none 
more than 2 weeks after onset; about 71 % 1 to 2 
weeks before onset, and about 24% more than 2 
weeks before onset. Lateness in land preparation 
resulted in lateness in planting; farmers relied on 
family labor for land preparation, with children 
forming the main family labor source. These chil-
dren were in school from January to April, during 
which period the land had to be readied and the 
planting done. The children therefore worked in 
the evening after school and over the weekends 
(Fig. 2). Most schools are several kilometers away 
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from home and walking to and from school are no 
doubt energy draining. Farmers, especially those 
with bigger farms, used machinery for land prepa-
ration. Some farmers prepared land early but 
obtained low yields, suggesting that early land prep-
aration alone could not contribute to increased 
productivity. 
Maize Seed 
The quality of maize seed used was very impor-
tant, and farmers in the study area had several 
sources of seed. Maize hybrid seed had been used 
for many years by those farmers who could afford 
it, with both extension staff and research workers 
recommending its use in the study area and over 
most of the country. This was a result of the 
introduction of hybrid maize and appropriate pro-
duction technologies between 1964 and 1997 
(Karanja el al., 1998). The relationship between 
seed source and productivity was significant (P< 
0.0001; Table 6). About 30% of farmers bought 
their seeds from registered seed traders. About 
37% bought seed from the local markets, where 
some traders bought hybrid seeds in large packages 
and then illegally mixed them with ordinary grains 
to increase the quantity of seeds and their profit 
margins. About 27% of farmers saved seed from 
their harvests, especially when the crop was good. 
About 6 % of farmers got their seeds from other 
sources (e.g., borrowed seeds from their neighbors 
and relatives) and were therefore not sure of the 
seed quality. Of the 373 farmers with yields of less 
than 1 tlha, about 37% used seed from the local 
market; about 9 % used seed from other sources; 
40% used farmer-saved seed; and about 14% used 
seed bought from registered traders (i.e., hybrid 
maize seed). Within the group of farmers with 
yields of more than 2 tfha, 24 % of them used seed 
from open markets; none used seeds from other 
sources; none used farmer-saved seed and about 
76% used seed from registered traders. This in-
dicated that use of hybrid seeds was related to high 
yields. However, about 14% of the farmers who 
used hybrid seed obtained low yields (less than 1 tf 
ha). This suggested that use of hybrid maize seed 
alone did not increase productivity. A kilogram of 
hybrid maize seed cost more than 10 times what 
farmers received when they sold 1 kg of maize 
grains to middlemen or on the open market. 
Planting Time 
The time of maize planting was highly influenced 
by the rainfall pattern, with rains coming in two 
seasons (February to June and August to Decem-
ber). Rainfall in tensity and distribution had been 
unpredictable over the years, so farmers had been 
advised to plant before the rains to give the maize 
crop an appropriate moisture supply during its 
Table 6. Numbers of farmers, categorized by the combination of productivity and source of maize 
seed 
Productivity 
Source of seed 
Less than 1 t/ha 1-2 t/ha More than 2 t/ha Total 
137 (37) 117 (38) 4 (24) 258 (37) 
Local market (53) (45) (2) (100) 
35 (9) 7 (2) a (0) 42 (6) Others (83) (17) (0) (100) 
Own (saved by 149 (40) 40 (13) a (0) 189 (27) 
farmers) (79) (21) (0) (100) 
52 (14) 142 (47) 13 (76) 207 (30) Registered traders (25) (69) (6) (100) 
Total 
373 (100) 306 (100) 17 (100) 696 (100) 
(54) (44) (2) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all 
categories in that row or column. 
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growth cycle. Using the wrong timing could there-
fore result in crop failure. The relationship be-
tween the time of maize planting (in relation to 
onset of the rains) and productivity was significant 
(P<0.0001; Table 7). About 53% of all farmers 
planted maize during the rainy season; about 27% 
planted I to 2 weeks after onset of the rainy season; 
about 14% planted more than 2 weeks after the 
rains came, and only 6% planted at least 1 week 
before the rains (as recommended). Within the 
category of farmers who obtained yields of less 
than 1 tlha, about 35 % planted 1 to 2 weeks after 
rainy season onset; about 21 % planted more than 2 
weeks after the rains came; about 43% planted 
during the rains; and only 1 % planted at least 1 
week before the rains. For those farmers who 
obtained yields of 1 to 2 tlha, about 19% planted 1 
to 2 week after the rains came; about 6% planted 2 
weeks or more after the rains came; about 65 % 
planted during the rains; and about 10% planted at 
least I week before the rains. For farmers with 
yields of more than 2 tlha, about 12% planted 1 to 
2 weeks after the rains; none planted 2 weeks or 
more after the rains came; and about 59% planted 
at least 1 week before the rains came. 
Planting during the rains (especially with shal-
lowly placed maize seeds) resulted in washed-away 
seeds and uneven crop establishment. Seeds 
planted at this time were also exposed to pests (e.g., 
squirrels and mice), resulting in poor yields. Maize 
is planted manually by using human labor, so the 
seasonal supply of both hired and family labor 
influences the time of planting. Older children 
already out of school travel to the urban areas in 
search of jobs and parents are left behind taking 
care of young children, searching for cooking fuel, 
and taking care of the sick (especially with the 
HIV I AIDS related illnesses). 
Crop Spacing 
Appropriate crop spacing enables the crop to 
optimize its nutrient and moisture uptake without 
undue competition. Plant competition for sunlight 
is not a major problem in Kenya (apart from cases 
of overcrowding during crop establishment) be-
cause of the proximity of the country to the equa-
tor. The recommended spacing for maize hybrid 
seeds in the study area by extension staff and re-
searchers was 75 X 35 cm for both mono-cropping 
and mixed cropping (with two seeds per hill and 
legume seeds planted between the rows). The 
relationship between maize crop spacing and pro-
ductivity was significant (P<O.OOOl; Table 8). 
About 34% of farmers used the correct maize 
spacing; 39% used incorrect spacing (seeds placed 
either too closely or too widely together as com-
pared with the recommendations), and the remain-
der used random spacing (randomly planted crop, 
Table 7. Numbers of farmers, categorized by the combination of productivity and time of planting 
in relation to onset of the rainy season 
Yield 
Time of planting 
Less than 1 t/ha 1-2 t/ha More than 2 t/ha Total 
A t least 1 week 2 (1) 31 (10) 10 (59) 43 (6) 
before onset (5) (72) (23) (100) 
161 (43) 200 (65) 5 (29) 366 (53) 
During rains (44) (55) (1) (100) 
1-2 weeks after 131 (35) 58 (19) 2 (12) 191 (27) 
onset (69) (30) (1) (100) 
2 weeks or more 79 (21) 17 (6) 0 (0) 96 (14) 
after onset (82) (18) (0) (100) 
373 (100) 17 (100) 306 (100) 696 (100) 
Total (54) (2) (44) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all 
categories in that row or column. 
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Table 8. Numbers of farmers. categorized by the combination of productivity and crop/ plant 
spacing 
Prod ucti vi ty 
Crop spacing 
Less than 1 t / ha 1- 2 t / ha More than 2 t / ha Total 
167 (45) 98 (32) 5 (29) 270 (39) 
Incorrect (62) (36) (2) (100) 
121 (32) 63 (21) 3 (18) 187 (27) 
Random (65) (34) (1) (100) 
85 (23) 145 (47) 9 (53) 239 (34) 
Correct (36) (60) (4) (100) 
373 (100) 17 ( 100) 306 (100) 696 (100) 
Total (54) (2) (44) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in 
all categories in that row or column. 
without uniform in-between-row and in-between-
crop spacing). Within the category of farmers who 
obtained yields of less than I t/ha, about 45 % used 
incorrect spacing; 23 % used correct spacing, and 
32% used random spacing. For farmers with yields 
of I to 2 tlha, 32% used incorrect spacing; about 
47% used correct spacing, and about 21% used 
random spacing. However, among farmers with 
yields of more than 2 t/ha, about 29% used incor-
rect spacing; about 18% used random spacing, and 
about 53% used correct spacing. This shows that 
use of correct plant spacing was necessary for high 
yields, although this was not be the only contribu-
tor, as could be seen from the finding that some 
farmers used correct spacing but obtained low 
yields (less than 2 t/ha). According to the re-
searchers, using spacing that is too close results in 
plant competition for nutrients, and too wide a 
spacing gives low plant populations; both lower 
productivity. 
Random maize spacing was practiced mainly in 
cases where farmers did not apply fertilizers during 
planting; the ground was opened lightly with a 
machete or panga and the seeds inserted and cov-
ered. Though seeds were shallowly planted, 
farmers preferred random spacing since it was fast 
and a large area could be covered in a short time. 
However, shallow planting exposed the seeds to 
pests, and seeds were also often placed on top of 
each other, resulting in poor germination and crop 
establishment (Fig. 3). 
Fig. 3. A maize field in Molo Division. showing 
unevenness of crop establishment and germina· 
tion as a result of late planting. 
Fertilizer Application 
Continuous cropping on the same land without 
crop rotation and without application of organic 
matter has resulted in poor soils that lack the 
necessary crop nutrients to adequately support 
maize growing in the target area. Soil erosion has 
made this situation even worse. Farmers were 
therefore advised to apply chemical fertilizers 
(major nutrients: nitrogen, phosphorus, and potas-
sium) during maize planting. Di-ammonium phos-
phate (DAP) was commonly used; the cost was 
about US$I.70/kg unaffordable to most farmers 
(only 43 % applied fertilizer). 
I analyzed the relationship between choice of 
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Table 9. Numbers of farmers, categorized by the combination of fertilizer use and source of maize seed 
Source of maize seed 
Use of fertilizer 
Local market Other Farmer-saved Registered traders Total 
No fertilizer 165 (60) 52 (100) 217 (100) 57 (18) 491 (57) 
used (33) (11) (44) (12) (100) 
Fertilizer used 
112 (40) 0 (0) 0 (0) 264 (82) 376 (43) 
(30) (0) (0) (70) (100) 
277 (100) 52 (100) 217 (100) 321 (100) 867 (100) 
Total (32) (6) (25) (37) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all cate-
gories in that row or column. 
seed source and application of chemical fertilizer 
on the basis of fertilizer affordability. The relation-
ship between source of maize seed and the decision 
to apply chemical fertilizer during planting was 
significant (P<O.OOOI; Table 9). Within the cate-
gory of farmers who applied fertilizer, about 30% 
bought seed from local markets; no farmer bought 
seed from other sources; none used saved seed; and 
about 70% bought seed from registered traders. 
Among farmers who did not apply fertilizers, about 
33% bought seed from local markets; about 11 % 
bought from other sources; about 44% used saved 
seed; and about 12% used seed from registered 
traders. This showed that farmers who could 
afford to buy hybrid seed were also able to buy 
fertilizers. Use of saved seed was common among 
poor farmers who could not afford both hybrid seed 
and fertilizer during planting. However, around 
12% of the farmers bought the hybrid seed but did 
not apply fertilizer during planting. This led to 
increased production costs but no marginal in-
creases in productivity. 
Although farmers bought fertilizer for applica-
tion during planting, the actual amounts applied to 
each planting hill differed among farms. Some 
farmers applied smaller amounts of fertilizer than 
recommended. This either was the result of a lack 
of information on the recommended application 
amount per hill (about 10 g) or stemmed from 
simply a lack of money to buy sufficient fertilizer. 
Use of family labor (mainly children) without 
proper guidance on the correct fertilizer amounts 
and measurement may have also resulted in uneven 
application of fertilizer. I therefore analyzed the 
effects of applying different amounts of fertilizer 
during planting on productivity. The relationship 
between the amount of fertilizer applied per maize 
planting hill or hole and productivity was signifi-
cant (P<O.OOOI; Table 10). Among farmers who 
used chemical fertilizer during planting, about 47% 
applied less than 5 g/hiU; about 33% applied 5 to 
10 g and about 20% applied more than 10 g/hill. 
Application of high or adequate amounts of fertiliz-
er was therefore required for high yields. There-
fore, application of small and inadequate amounts 
of fertilizer during planting did not in most cases 
contribute to increased yield and thus resulted in 
increased costs of production. 
Manure Application 
The farmers' main alternative to chemicals for 
fertilizing the soil was manure. I therefore ex-
pected that use of manure would increase as the 
number of farmers using chemical fertilizers de-
creased. I analyzed the relationship between use of 
manure and chemical fertilizer application. There 
was no significant relationship between manure ap-
plication and fertilizer use (P = 0.1778; Table 11). 
About 63 % of farmers did not apply manure, and 
of those, only 45 % applied fertilizer. This meant 
that about 34% of all the farmers did not apply 
manure or fertilizer. Of the approximately 35 % of 
farmers that applied manure, only about 40% ap-
plied fertilizer. These results suggested that the 
decision on whether to apply manure did not 
depend on whether the farmer applied fertilizer or 
not. Farmers were therefore did not appear to be 
considering the use of manure as an alternative to 
86 J. Dev. Sus. Agr. 3 (2) 
Table 10. Numbers of farmers, categorized by the combination of productivity and amount of fer-
tilizer applied per hill (or hole) 
Amount of Productivity 
fertilizer /hill Less than 1 t/ha 1-2 t/ha More than 2 t/ha Total 
132 (78) 79 (30) 1 (6) 212 (47) 
Less than 5 g (62) (37) (1) (100) 
36 (21) 109 (41) 4 (25) 149 (33) 
5-10g. (24) (73) (7) (100) 
2 (1) 76 (29) 11 (69) 89 (20) 
More than 10 g. (3) (85) (12) (100) 
170 (100) 264 (100) 16 (100) 450 (100) 
Total (38) (59) (3) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all 
categories in that row or column. 
Table 11. N umbers of farmers, categorized by the com bina tion of fer-
tilizer application and manure use 
Manure Fertilizer application 
application No fertilizer applied Fertilizer applied Total 
298 (61) 245 (65) 543 (63) 
No (55) (45) (100) 
193 (39) 131 (35) 324 (37) 
Yes (60) (40) (100) 
491 (100) 376 (100) 867 (100) 
Total (57) (43) (100) 
Note: Figures in parentheses are numbers in each category as a percentage 
of the total number in all categories in that row or column. 
use of chemical fertilizer for enhanced maize pro-
ductivity. Availability of manure was also a chal-
lenge to farmers, considering that the few livestock 
the farmers owned were grazed outside the farm, 
mainly along footpaths and roads. This made 
collection of manure both difficult and expensive. 
Farmers who kept livestock within their home-
steads had to source fodder from outside the farm 
or use weeds from cultivated fields. 
Weed Control 
Weed control was not a major problem for 
farmers who prepared land before the rains arrived. 
This was because the hot and dry conditions that 
prevailed before the rains killed most of the weeds, 
and only weed seeds and perennial weeds remained. 
Land prepared early therefore required two weed-
control operations: when the maize was young (2 
weeks after germination) and when it was about 60 
cm tall (ready for topdressing). Because of resurg-
ence of weeds, farmers who prepared land during 
and after the rains were expected to undertake 
more weed-control activities than those who pre-
pared their land before the rains. However, the 
relationship between time of land preparation and 
weed control was not significant (P 0.6160; Table 
12). Of those farmers who did not perform any 
weed control, about 44% prepared their land 1 to 2 
weeks after the rains came; 34 % prepared their 
land more than 2 weeks after, about 22% prepared 
I to 2 weeks before, and none prepared their land 
more than 2 weeks before the rains came Most of 
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Table 12. Numbers of farmers, categorized by the combination of time of land preparation in relation to 
the onset of the rainy season and weed control 
No. of weed Time of land preparation in relation to rainy season onset 
controls 1-2 weeks More than 2 weeks 1-2 \veeks More than 2 weeks Total before onset before onset after onset after onset 
20 (10) 0 (0) 41 (10) 31 (12) 92 (11) No control (22) (0) (44) (34) (100) 
83 (42) 5 (83) 179 (44) 116 (46) 383 (44) 1 time (22) (1) (47) (30) (100) 
70 (35) 1 (17) 133 (32) 72 (29) 276 (32) Late control (25) (1) (48) (26) (100) 
2 times 26 (13) 0 (0) 58 (14) 32 (13) 116 (13) (22) (0) (50) (28) (100) 
199 (100) 6 (100) 411 (100) 251 (100) 867 (100) Total (23) (1) (47) (29) (100) 
Note: Note: Figures in parentheses are numbers in each category as a percentage of the total number in all 
categories in that row or column. 
the farmers who did their weed control late or 
performed weed control only once prepared their 
land 1 to 2 weeks after the onset of the rainy season; 
very few prepared their land more than 2 weeks 
before the onset. Most of the farmers who per-
formed weed control twice also prepared their land 
1 to 2 weeks after the onset of the rains; none 
prepared their land more than 2 weeks before onset. 
Therefore, the decision on the number of weed 
controls that a particular farmer performed did not 
necessarily depend on the state of the farm during 
land preparation. 
On-Farm Training 
Farmers who had undertaken some training on 
best agronomic practices in maize production were 
expected to have higher maize productivity than 
those who had had no training. They were ex-
pected to have higher levels of adoption of technol-
ogy for appropriate maize production. I therefore 
analyzed the impact of training on the adoption of 
appropriate technology by trained farmers, as com-
pared with the effects of no training. The relation-
ship between number of on-farm training sessions 
and division was significant (P< 0.0001; Table 13). 
No farmers had undergone training in Bahati Divi-
sion, but all the farmers in Njoro Division had 
undertaken a minimum of one on-farm training 
session. Bahati Division is situated around Nakuru 
town; most of the farmers here are involved in 
off-farm businesses especially the construction of 
residential housing and are therefore too busy for 
training. Most have converted their agricultural 
land to residential areas. Njoro Division is situated 
about 15 km from Nakuru and contains an agricul-
tural university (Egerton University). Molo and 
Elburgon Divisions are located far from Nakuru, 
and communication in these rural areas is poor. 
In light of these differences among divisions we 
needed to determine whether on-farm training in-
fluenced farmers' adoption of maize-production 
technologies. It was therefore important to analyze 
whether there was a difference between farmers in 
Njoro (all trained) and Bahati (all untrained) in 
terms of decision-making for the adoption of 
maize-production technologies. The relationship 
between Division and seed source was not signifi-
cant (P=0.8260; Table 14). This implied that al-
though farmer training in good agronomic prac-
tices is very important, the decision as to where 
seeds are bought may depend on affordability. The 
cost of hybrid maize is higher in Njoro than in 
Bahati because of the greater distance of Njoro 
from the town of Nakuru. Farmers in Njoro may 
be aware of the productivity benefits of using 
hybrid seed, but they may not be able to afford this 
seed. Farmers in Bahati may be getting advice 
from seed traders on the recommended maize seed 
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Table 13. Numbers of farmers, categorized by the combination of number of on-farm training sessions 
and Di vision 
Number of Division 
on-farm training 
sessions Bahati Div. Elburgon Div. Molo Div. Njoro Div. Total 
217 (100) 54 (22) 0 (0) 0 (0) 271 (31) 
None (80) (20) (0) (0) (100) 
0 (0) 187 (78) 137 (100) 56 (21) 380 (44) 1-2 (0) (49) (36) (15) (100) 
0 (0) 0 (0) 0 (0) 166 (61) 166 (19) 
>2-4 (0) (0) (0) (100) (100) 
0 (0) 0 (0) 0 (0) 50 (18) 50 (6) 5 or more (0) (0) (0) (100) (100) 
217 (100) 241 (100) 137 (100) 272 (100) 867 (100) 
Total (25) (28) (16) (31) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all cate-
gories in that row or column. 
Table 14. Numbers of farmers, categorized by the combination of Division (Bahati or Njoro) and seed source 
Seed source 
Division Own Registered Local market Others (farmer-saved) traders Total 
72 (46) 12 (50) 58 (43) 75 (42) 217 (44) 
Bahati Division (33) (6) (27) (34) (100) 
83 (57) 12 (50) 75 (57) 102 (58) 272 (56) 
Njoro Division (30) (4) (28) (38) (100) 
155 (100) 24 (100) 133 (100) 177 (100) 489 (100) 
Total (32) (5) (27) (36) (100) 
Note: Figures in parentheses are numbers in each category as a percentage of the total number in all cate-
gories in that row or column. 
even though they have no on-trainings. Therefore, 
adoption of a particular technology may not neces-
sarily be based on whether or not the farmer has 
undergone thorough on-farm training; instead it 
may be influenced by affordability. 
Maize Productivity 
I assumed that the influence of environmental 
factors on maize productivity per farm was uni-
form within the study area. There was a high 
variation in maize productivity levels among small-
scale maize producers, and this was also evident 
with differences in levels of adoption of technology 
among farmers. The means of three productivity 
levels were compared by one-way ANOVA by 
awarding points to each farmer's level of adoption 
of production technology; productivity variables 
were grouped into three levels: 1 (less than 1 t/ha), 
2 (1 to 2 t/ha), and 3 (more than 2 t/ha). There 
were significant differences between the three pro-
ductivity means (Table 15). Awarding of points 
was significantly affected by farmer productivity 
levels based on one-way ANOVA (P< 0.0001). 
The means of productivity levels 1, 2, and 3 were 
significantly different from each other (by Tukey-
Kramer test); this indicated that the contribution 
of each adopted maize production technology was 
important in enhanced maize productivity. 
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Table 15. Analysis of variance (ANOV A) of productivity categories 
Source Degrees of freedom (DF) Sum of sq uares Mean square F ratio Probabili ty > F 
Producti vity 
Erro r 
2 
445 
2355. 712 
11126.357 
1177 .86 
25 
47 . 1085 < 0 . 0001 
Total 447 13482. 069 
160 
140 0 1 t/ha 
120 [J 1-2 t/ha 
en 
..., 
• 2 t/ha ~ 
·8100 
0. 
"""' 0 
80 '-' ill 
..c 
S 60 :s 
Z 
40 
20 
0 
0-4 5-9 10-14 15-19 20-24 25-29 30-34 
Accumulated points 
Fig. 4. Distribution of accumula ted maize producti vity points. 
The majority of farmers who had accumulated 
fewer than 14 points had very low productivity 
(less than 1 tlha) and were clustered in the lower 
quantiles (Fig. 4). This suggested that the majority 
of these farmers had very low productivity because 
of low rates of adoption of technology (as indicated 
by their small numbers of accumulated points). 
However, farmers with productivity of 1 to 2 t/ha 
were more evenly distributed, with a normal distri-
bution. Their accumulated points were spread, 
with a mean of 17. The majority of the farmers in 
the study area were in this category; this suggested 
that they could easily shift to productivity levels of 
less than 1 t/ha and more than 2 t/ha. Most of the 
farmers with productivity of more than 2 t/ha had 
accumulated large numbers of points, with the ma-
jority having 25 to 29 points. Most of these farmers 
had adopted most of the maize-production tech-
nologies, as indicated by the high mean point 
values, but only 3% of the farmers in the study area 
fell into this category. 
Conclusion 
The results indicated that the greater the number 
of maize production technologies that a farmer 
adopted, the higher the likelihood of getting high 
maize yields, and vice versa. A sustainable way of 
encouraging farmers to adopt all the maize produc-
tion technologies is therefore needed. However, 
enhanced maize productivity is still possible 
through research and use of modern maize produc-
tion technologies (i.e., biotechnology). Since the 
costs of the seed and fertilizer are too high for 
many farmers to afford, the government needs to 
make a deliberate policy shift, whereby inputs can 
be made available at the right time and at low prices 
through heavy subsidization. Although this strate-
gy may have worked well during' Kenya's "Green 
Revolution '" period (Karanja et al., 1998), its suc-
cess and sustainability could now be in doubt be-
cause of changes in local and international trade 
and market structures. 
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Sustained maize productivity therefore could 
entail the redefining of "maize productivity" from 
the perspective of food security and the small-scale 
farmer, i.e., in terms of what the farmer can afford 
and what is locally available (specific farming envi-
ronments and available resources). Efforts to apply 
modern maize production technologies should be 
concen trated on large-scale maize producers and 
those small-scale farmers who can afford the total 
costs of adoption. Advances in yield maintenance 
rather than yield potential may hold the greatest 
promise (Lynam and Hassan, 1998; De Vries and 
Toenniessen,2001). Farm capacity assessment and 
development could therefore very important, with 
farmers identifying their maize productivity gaps 
by establishing their core problems in maize pro-
duction in specific environments. This could re-
quire the establishment and mapping of available 
natural resources that could be used by farmers for 
maize production and also to enhance food securi-
ty. 
How would farmers decide on which "maize 
productivity" bracket to use? It is important that 
further research be carried out to establish the 
quantitative percentage loss incurred by a farmer 
when he adopts just one or a few of the maize-
production technologies. A selective adoption of 
technology model would therefore aid farmers in 
deciding whether to adopt modern maize-pro-
duction technologies (all of which would need to be 
applied correctly) or to instead use "farmer-based 
productivity" if they cannot afford the total cost of 
adoption. This may limit the excessive risks in-
volved in maize production and therefore give some 
guarantee of food availability, albeit in small 
amounts, but with no wasted investment. Farmers' 
overdependence on maize as a main source of food 
could also change if interest in traditional food 
crops (e.g., millet) is enhanced and these crops are 
integrated into maize production systems. 
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